CASE SUMMARY {#jmwh13101-sec-0010}
============

*E.B. is a 20‐year‐old gravida 3 para 2 at 39 3/7 weeks' gestation admitted to the labor and birth unit in early active labor. Her prenatal course was complicated by iron deficiency anemia with an antenatal hemoglobin of 8.5 g/dL and hematocrit of 27.5%, which was identified one month prior to admission for labor and birth. She endorsed an inability to tolerate oral iron supplements. Her perinatal history was significant for 2 term vaginal births, with the second birth complicated by a postpartum hemorrhage (PPH) that occurred on arrival to the postpartum unit 2 hours after birth. She required a blood transfusion*.

*On admission, her hemoglobin was 8.2 g/dL, hematocrit 27.0%; mean corpuscular hemoglobin 26.0 pg (normal range, 27.0‐33.0); mean corpuscular volume 79.5 fL (normal range, 80.00‐100.00), and platelets 278,000 μL. Based on her risk factors, it was determined that she was at high risk for PPH. The midwife consulted with the collaborating obstetrician and they decided to have additional uterotonics available in addition to those used as standard elements of active management of third stage of labor (AMTSL). In addition, they ordered a type and crossmatch for 2 units of packed red blood cells. The use and timing of tranexamic acid (TXA) administration was also discussed. Based on her history, specifically of later onset PPH, TXA 1 g diluted in 100 mL of lactated ringers (LR) solution was given intravenously at the time of the birth of the newborn\'s anterior shoulder. The newborn had Apgar scores of 8 and 9. Immediate mild uterine atony in third stage was noted, and per institution policy, E.B. was given oxytocin (30 units in 500 mL of LR solution \[200 mL bolus followed by 41 mL/h\]), then methergine (0.2 mg given intramuscularly). The total quantitative blood loss was 450 mL. Twenty‐four hours postpartum, E.B.'s hemoglobin was 8.0 g/dL and hematocrit was 26.2%. She did not have orthostatic symptoms and was counseled on increasing dietary iron intake. She was discharged on the second postpartum day with instructions pertinent to anemia*.

INTRODUCTION {#jmwh13101-sec-0020}
============

Hemorrhage is the leading cause of maternal morbidity and mortality worldwide. In the United States, 11% of pregnancy‐related deaths were due to hemorrhage in the years 2011 to 2016.[^1^](#jmwh13101-bib-0001){ref-type="ref"} In 2 analyses of US hospital births, the incidence of PPH increased 26%, from 2.3% in 1994 to 2006 to 2.9% in 2012 to 2013.[^2^](#jmwh13101-bib-0002){ref-type="ref"}, [^3^](#jmwh13101-bib-0003){ref-type="ref"} In the context of community birth, 4.8% women in birth centers lost 1000 mL or more following birth, and PPH accounted for most postpartum transfers in planned home and birth center births.[^4^](#jmwh13101-bib-0004){ref-type="ref"}, [^5^](#jmwh13101-bib-0005){ref-type="ref"} Although the incidence of PPH varies depending upon the definition and criteria used, it is a complication that clinicians must be prepared to manage and, optimally, to prevent.

*Early PPH* has most recently been defined as "cumulative blood loss of 1000 ml or more of blood loss accompanied by sign and symptoms of hypovolemia within 24 hours following the birth process."[^6^](#jmwh13101-bib-0006){ref-type="ref"} Worldwide, approaches to PPH are dictated by resource availability and include mechanical means (eg, bimanual compression, tamponade, antishock garments), replacement of fluid and blood products, embolization, and pharmacologic agents. In the United States, uterotonic agents are most often used for prevention and treatment of PPH. Oxytocin is the first‐line agent, and supplemental uterotonics used include methylergonovine (Methergine) and prostaglandins such as carboprost tromethamine (Hemabate) and misoprostol (Cytotec).[^7^](#jmwh13101-bib-0007){ref-type="ref"}, [^8^](#jmwh13101-bib-0008){ref-type="ref"}

Historically, most drugs used to treat PPH were uterotonics with a mechanism of action that promoted uterine contraction, as uterine atony was presumed to be the underlying cause. However, the pathophysiology of severe PPH includes coagulopathy, and more recently, TXA, with its antifibrinolytic properties, is increasingly being used worldwide to treat PPH. Thus, a brief review of the relevant physiology is in order.

Hypercoagulability During Pregnancy {#jmwh13101-sec-0030}
-----------------------------------

Pregnancy is characterized by physiologic alterations in coagulation and fibrinolytic pathways. During pregnancy, there is (1) an increase in clotting factors (I, II, VII, VIII, IX, and XII), (2) a decrease in anticoagulation activity (protein S and activated protein C) and (3) a decrease in fibrinolysis resulting in a hypercoagulable state.[^9^](#jmwh13101-bib-0009){ref-type="ref"} This hypercoagulable state increases throughout pregnancy, peaking at term, and continues in the immediate postpartum period.[^10^](#jmwh13101-bib-0010){ref-type="ref"}, [^11^](#jmwh13101-bib-0011){ref-type="ref"} During the stress of labor, clotting factors further increase, and fibrinolytic activity decreases. After the separation of the placenta from the decidua, myometrial contractions occur, platelet aggregation at the placental site increases, and there is a release of coagulation factors that results in reduction of bleeding.[^10^](#jmwh13101-bib-0010){ref-type="ref"} The balance between coagulation and fibrinolysis maintains an intact vascular system, which diminishes the risk of PPH.

Hemostasis is the typical response to blood vessel or tissue injury.[^12^](#jmwh13101-bib-0012){ref-type="ref"}, [^13^](#jmwh13101-bib-0013){ref-type="ref"} Normally, damage to tissue results in activation of tissue factor. Tissue factor activates the clotting cascade, resulting in high levels of thrombin and stimulation of the intrinsic clotting pathway. Activation of thrombin in the clotting cascade leads to circulating fibrinogen being enzymatically converted into fibrin, which is the basis of clot formation. To counterbalance clotting, formation of fibrin stimulates the fibrinolytic system. The fibrinolytic cascade converts plasminogen, which is present in circulation and fibrin clots into plasmin. Plasmin is the primary enzyme that breaks down clots.

However, when blood loss is severe, the coagulation system and fibrinolysis can be severely dysregulated.[^14^](#jmwh13101-bib-0014){ref-type="ref"} In the event of severe PPH, shock‐related tissue hypoxia can lead to the release of excessive tissue factor from damaged cells, which is the primary driver that causes an imbalance between the coagulation and fibrolytic systems. In addition, during excessive bleeding, circulating fibrinogen and platelets are rapidly depleted via both coagulation and blood loss, which prevents further formation of fibrin clots.[^15^](#jmwh13101-bib-0015){ref-type="ref"}, [^16^](#jmwh13101-bib-0016){ref-type="ref"} The imbalance of the coagulation and fibrinolytic systems results in disseminated intravascular coagulation.[^17^](#jmwh13101-bib-0017){ref-type="ref"} Thus, the antifibrinolytic properties of TXA make this agent an ideal option for treatment of PPH.

TRANEXAMIC ACID {#jmwh13101-sec-0040}
===============

TXA is a synthetic derivative of the amino acid lysine that acts by blocking plasminogen‐binding sites and inhibiting the proteolytic function of plasmin, thereby preventing fibrin degradation.[^18^](#jmwh13101-bib-0018){ref-type="ref"}, [^19^](#jmwh13101-bib-0019){ref-type="ref"} In 1962, Okamoto and Okamoto reported their discovery that TXA reduced bleeding by inhibiting fibrinolysis.[^18^](#jmwh13101-bib-0018){ref-type="ref"} When clot breakdown (fibrinolysis) is inhibited, overall bleeding is reduced.

In 2010, the Clinical Randomisation of an Antifibrinolytic in Significant Haemorrhage 2 (CRASH‐2) randomized controlled trial (RCT) reported the effects of early administration of TXA on outcomes of death, vascular occlusive events, and the receipt of blood transfusion in adult trauma patients.[^20^](#jmwh13101-bib-0020){ref-type="ref"} In the 10,096 patients allocated to the TXA group compared with the 10,115 in the placebo group, all‐cause mortality was significantly reduced within the TXA group compared with the placebo group (14.5% vs 16.0% respectively; relative risk \[RR\], 0.91; 95% CI, 0.85‐0.97; *P* = .0035). The risk of death from bleeding was significantly reduced (4.9% vs 5.7%; RR, 0.85; 95% CI, 0.76‐0.96; *P* = .0077).[^20^](#jmwh13101-bib-0020){ref-type="ref"} The results showed that early administration of TXA to trauma patients reduced the risk of death from hemorrhage, with no apparent increase in fatal or nonfatal vascular occlusive events.[^20^](#jmwh13101-bib-0020){ref-type="ref"} As TXA has been demonstrated to reduce the need for blood product transfusions and mortality, off‐label clinical applications are used in trauma and surgery, gastrointestinal bleeding, and more recently, PPH.[^21^](#jmwh13101-bib-0021){ref-type="ref"}, [^22^](#jmwh13101-bib-0022){ref-type="ref"}, [^23^](#jmwh13101-bib-0023){ref-type="ref"} TXA, administered orally or intravenously, is currently approved by the Food and Drug Administration for treatment of women experiencing abnormal uterine bleeding.[^24^](#jmwh13101-bib-0024){ref-type="ref"}

In the United States at present, the use of TXA does not take precedence over the primary steps recommended for managing PPH and therefore it is considered adjunctive therapy.[^7^](#jmwh13101-bib-0007){ref-type="ref"}, [^8^](#jmwh13101-bib-0008){ref-type="ref"} In contrast, the World Health Organization recommends initiation of TXA in all cases of PPH regardless of etiology.[^25^](#jmwh13101-bib-0025){ref-type="ref"} A summary of current professional organization guidelines is presented in Table [1](#jmwh13101-tbl-0001){ref-type="table"}.

###### 

Professional Organization Guidelines for the Use of Tranexamic Acid for Postpartum Hemorrhage

+-----------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+----------------------------------------------------------------------------------------------------------------------------+
| **Organization**                                    | **Indication**                                                                                                                                                                                                                | **Timing**                                                                                                                                                                                                                                        | **Dosing**                                                                                                                 |
+:====================================================+:==============================================================================================================================================================================================================================+:==================================================================================================================================================================================================================================================+:===========================================================================================================================+
| World Health Organization                           | TXA should be used in all cases of PPH, regardless of whether the bleeding is due to genital tract trauma or other causes.                                                                                                    | Use TXA within 3 h and as early as possible after onset of PPH. Do not initiate TXA more than 3 h after birth, unless being used for bleeding that restarts within 24 h of completing the first dose.                                             | Fixed dose of 1 g in 10 mL (100 mg/mL) IV at 1 mL/min (ie, administered over 10 min).                                      |
|                                                     |                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                   |                                                                                                                            |
|                                                     | TXA should be part of the standard comprehensive PPH treatment package, including medical (uterotonics), nonsurgical, and surgical interventions in accordance with WHO guidelines or adapted local PPH treatment guidelines. |                                                                                                                                                                                                                                                   | Second dose of 1 g IV if bleeding continues after 30 min or if bleeding restarts within 24 h of completing the first dose. |
+-----------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+----------------------------------------------------------------------------------------------------------------------------+
| American College of Obstetricians and Gynecologists | TXA should be considered in the setting of PPH when initial medical therapy fails.                                                                                                                                            | Earlier use is likely to be superior to delayed treatment; benefit primarily in women treated sooner than 3 h from the time of birth.                                                                                                             | Dosage not specified but refers to that which was used in WOMAN trial (1 g administered IV).                               |
+-----------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+----------------------------------------------------------------------------------------------------------------------------+
| California Maternal Quality Care Collaborative      | TXA is adjunctive treatment and *not* a primary treatment for PPH.                                                                                                                                                            | Timing not specified but refers to WOMAN trial that "clearly demonstrated" that TXA is most effective when given within 3 h of hemorrhage diagnosis, hence the recommendation that it be considered relatively early in the hemorrhage guideline. | 1 g IV over 10 min with a second 1‐g dose administered at 30 min if the bleeding persists; may be repeated once.           |
|                                                     |                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                   |                                                                                                                            |
|                                                     | The placement of TXA in the facility\'s hemorrhage guideline will depend on local resources.                                                                                                                                  |                                                                                                                                                                                                                                                   |                                                                                                                            |
+-----------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+----------------------------------------------------------------------------------------------------------------------------+

Abbreviations: IV, intravenously; PPH, postpartum hemorrhage, TXA, tranexamic acid; WHO, World Health Organization.

Source: Adapted from World Health Organization,[^25^](#jmwh13101-bib-0025){ref-type="ref"} American College of Obstetricians and Gynecologists,[^7^](#jmwh13101-bib-0007){ref-type="ref"} and California Maternal Quality Care Collaborative.[^8^](#jmwh13101-bib-0008){ref-type="ref"}

John Wiley & Sons, Ltd.

Correct dose, timing, and method of TXA administration are critical. When TXA is used to treat PPH, it should be given as soon as possible (within a 3‐hour window) after the onset of bleeding and in conjunction with uterotonic medications if uterine atony is suspected.[^7^](#jmwh13101-bib-0007){ref-type="ref"}, [^8^](#jmwh13101-bib-0008){ref-type="ref"}, [^25^](#jmwh13101-bib-0025){ref-type="ref"} The recommended dose for treatment of PPH is 1 g administered over 10 minutes (Tables [1](#jmwh13101-tbl-0001){ref-type="table"} and [2](#jmwh13101-tbl-0002){ref-type="table"}).[^8^](#jmwh13101-bib-0008){ref-type="ref"}, [^25^](#jmwh13101-bib-0025){ref-type="ref"} The onset of action for TXA when administered intravenously is 5 to 15 minutes. Very little of the total TXA dose is metabolized, resulting in more than 95% of the dose being excreted unchanged via the renal system. The half‐life is approximately 2 hours, and nearly all (90%) of the drug is excreted within 24 hours of administration.[^19^](#jmwh13101-bib-0019){ref-type="ref"}

###### 

Tranexamic Acid: Clinical Guidance for Treatment of Postpartum Hemorrhage

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  TXA should always be readily available in the birth and postpartum areas of facilities providing emergency perinatal care.
  TXA should be initiated within 3 h after birth.
  TXA should be administered at a fixed dose of 1 g in 10 mL (100 mg/mL) IV at 1 mL/min (ie, administered over 10 min), with a second dose of 1 g IV if bleeding continues after 30 min or if bleeding restarts within 24 h of completing the first dose.
  TXA should be administered slowly as an IV injection over 10 min because bolus injection carries a potential risk of transient lowering of blood pressure.
  TXA for injection may be mixed with most solutions for infusion, such as electrolyte solutions, carbohydrate solutions, amino acid solutions, and dextran solutions, and can be administered through the same IV cannula used for IV hydration or uterotonic administration. TXA should not be mixed with blood for transfusion, solutions containing penicillin, or mannitol.
  TXA should not be administered to women with a clear contraindication to antifibrinolytic therapy, (eg, a known thromboembolic event during pregnancy, history of coagulopathy, active intravascular clotting, or known hypersensitivity to TXA).
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: IV, intravenous(ly); TXA, tranexamic acid.

Source: Adapted from World Health Organization,[^25^](#jmwh13101-bib-0025){ref-type="ref"} American College of Obstetricians and Gynecologists,[^7^](#jmwh13101-bib-0007){ref-type="ref"} and California Maternal Quality Care Collaborative.[^8^](#jmwh13101-bib-0008){ref-type="ref"}

John Wiley & Sons, Ltd.

The dose of TXA may be repeated once after 30 minutes if bleeding continues.[^8^](#jmwh13101-bib-0008){ref-type="ref"} Because TXA is excreted primarily through the kidneys, individuals with renal impairment may need a dosage adjustment. During pregnancy, the kidneys function at a higher demand, with glomerular filtration rate increasing by 45% to 50% and renal plasma flow increasing because of the effects of progesterone.[^26^](#jmwh13101-bib-0026){ref-type="ref"} Therefore, if an individual is diagnosed with a hypertensive disorder of pregnancy, diabetes, or other conditions that reduce kidney function, this should be considered when choosing a dose.

Given the action of TXA in preventing clot degradation, a key concern has been the potential risk for thromboembolism. Adverse effects include venous thromboembolic events, such as deep vein thrombosis and pulmonary embolism, stroke, myocardial infarction, renal failure or dysfunction, seizures, and mild gastrointestinal symptoms (nausea, vomiting, diarrhea).[^27^](#jmwh13101-bib-0027){ref-type="ref"} However an increased incidence of thromboembolism has not been found in studies of TXA for patients with trauma or PPH.[^20^](#jmwh13101-bib-0020){ref-type="ref"}, [^21^](#jmwh13101-bib-0021){ref-type="ref"}, [^22^](#jmwh13101-bib-0022){ref-type="ref"}, [^23^](#jmwh13101-bib-0023){ref-type="ref"} In 2019, a systematic review and meta‐analysis (268 studies; n = 38,978) by Yates et al reported that TXA administered perioperatively did not increase risk of adverse events compared with placebo or no intervention (RR, 1.05; 95% CI, 0.99‐1.12).[^27^](#jmwh13101-bib-0027){ref-type="ref"} Of note, 16 of the studies included addressed TXA use during cesarean birth.

TRANEXAMIC ACID FOR THE TREATMENT OF POSTPARTUM HEMORRHAGE {#jmwh13101-sec-0050}
==========================================================

Uterine atony is the cause of 70% to 80% of PPH cases. Less common causes include retained placental tissue, genital lacerations, and inherent or acquired clotting conditions.[^8^](#jmwh13101-bib-0008){ref-type="ref"} Therefore, the initial approach to the treatment of PPH is to address the underlying cause (eg, uterotonics for atony, extraction of retained tissue, or surgical repair of laceration). In 2017, the World Maternal Antifibrinolytic (WOMAN) trial reported the effects of TXA in women with a clinical diagnosis of PPH.[^23^](#jmwh13101-bib-0023){ref-type="ref"} In 20,060 women experiencing PPH (defined as clinically estimated blood loss of ≥500 mL after vaginal birth, ≥1000 mL after cesarean, or any blood loss suggestive of hemodynamic instability), TXA significantly reduced the incidence of death due to hemorrhage in the treatment group when compared with the control group (1.5% vs 1.9%; RR, 0.81; 95% CI, 0.65‐1.00; *P* = .045). All other causes of death and rate of hysterectomy did not differ significantly between groups.[^23^](#jmwh13101-bib-0023){ref-type="ref"} In addition, there were 33% fewer laparotomies done to control bleeding in women having either cesarean or vaginal births following TXA use.[^23^](#jmwh13101-bib-0023){ref-type="ref"}

The findings of the WOMAN trial prompted the World Health Organization to update their treatment recommendations for PPH to include TXA as part of the standard care for women with PPH following vaginal or cesarean birth regardless of etiology.[^25^](#jmwh13101-bib-0025){ref-type="ref"} In limited resource settings, the low cost and ease of storage and administration of TXA are important factors in the context of PPH treatment.[^25^](#jmwh13101-bib-0025){ref-type="ref"}, [^28^](#jmwh13101-bib-0028){ref-type="ref"} In high‐resource settings where trauma care and surgery already occur, TXA is also readily accessible in labor and birth units.[^8^](#jmwh13101-bib-0008){ref-type="ref"} A recent study done in the United States suggested that TXA is highly likely to be cost saving when used routinely for PPH.[^28^](#jmwh13101-bib-0028){ref-type="ref"} However, at present, the use of TXA to treat PPH is considered to be adjunct treatment and not an initial treatment of PPH in high‐resource settings.[^7^](#jmwh13101-bib-0007){ref-type="ref"}, [^8^](#jmwh13101-bib-0008){ref-type="ref"}

TRANEXAMIC ACID FOR THE PREVENTION OF POSTPARTUM HEMORRHAGE {#jmwh13101-sec-0060}
===========================================================

Best practice for prevention of PPH is AMTSL, with the use of uterotonics, specifically oxytocin, as the most critical element.[^7^](#jmwh13101-bib-0007){ref-type="ref"}, [^29^](#jmwh13101-bib-0029){ref-type="ref"} Studies suggesting the use of TXA for prevention of PPH for women experiencing cesarean have been reported. A recent systematic review and metanalysis of 18 RCTs reported on the use of TXA given prior to cesarean to reduce blood loss.[^30^](#jmwh13101-bib-0030){ref-type="ref"} In most of the studies (n = 14), the guideline was to give 1 g of TXA 10 to 20 minutes before the cesarean. The review compared outcomes of women who received intravenous TXA for prevention of bleeding following cesarean, which included a total of 1764 women in the cesarean and 1793 women in the placebo group. Compared with the women in the placebo group, the women in the TXA group had a 60% reduction in the risk of mild to moderate PPH, defined as more than 400 mL (RR 0.40; 95% CI, 0.24‐0.65; 5 trials; n = 786). In addition, the women in the treatment group had a 68% reduction in the risk for severe PPH defined as greater than 1000 mL blood loss (RR, 0.32; 95% CI, 0.12‐0.84; 5 trials; n = 1850) and a 70% decrease in the need for red blood cell transfusion (RR, 0.30; 95% CI, 0.18‐0.49; 10 trials; n = 1873). There were no safety concerns about the use of the antifibrinolytic agent from the 18 RCTs analyzed.[^30^](#jmwh13101-bib-0030){ref-type="ref"} An older Cochrane review of 12 studies of TXA that assessed prevention of PPH for women undergoing elective cesarean reported similar reductions in the risk for PPH but noted an increase in minor side effects such as diarrhea, nausea, and vomiting with the use of TXA.[^31^](#jmwh13101-bib-0031){ref-type="ref"}

Currently, a large RCT with anticipated enrollment of 11,000 women is underway to assess whether prophylactic TXA lowers the risk of PPH in women undergoing a cesarean birth.[^32^](#jmwh13101-bib-0032){ref-type="ref"} The large sample size and high quality of the study will help to address concerns of studies done to date, including (1) the difficulty in assessing the adverse effects of TXA, specifically thromboembolic events because of their rare occurrence, and (2) the lack of larger trials to adequately assess the effect of prophylactic TXA for women having a cesarean birth.

Research on the use of TXA to prevent PPH in women anticipating vaginal birth has been conducted, but results to date are less robust than the positive effects noted for women who have a cesarean birth.[^33^](#jmwh13101-bib-0033){ref-type="ref"} In a Cochrane review of the use of prophylactic TXA for women with vaginal and cesarean birth, 3 trials from Turkey, Iran, and China studied the effectiveness and safety of TXA in 832 women who had a vaginal birth.[^31^](#jmwh13101-bib-0031){ref-type="ref"}, [^34^](#jmwh13101-bib-0034){ref-type="ref"}, [^35^](#jmwh13101-bib-0035){ref-type="ref"}, [^36^](#jmwh13101-bib-0036){ref-type="ref"} One study was a prospective, double‐blinded, RCT in which women received a 1‐g infusion of TXA (n = 228) or 5% glucose (n = 226) at birth of the newborn anterior shoulder.[^35^](#jmwh13101-bib-0035){ref-type="ref"} Baseline characteristics, inclusive of risk factors for PPH, did not differ between the 2 groups. AMTSL was employed in both groups, including injection of 10 IU of oxytocin within 2 minutes of birth and controlled cord traction following birth. Estimated postpartum blood loss was significantly lower in the experimental group than in the placebo group (261.5 ± 146.8 mL vs 349.98 ± 188.85 mL, *P* \< .001). Additionally, the incidence of PPH (\>500 mL) was also lower in the experimental group compared with that in the placebo control group (1.8% vs 6.8% respectively; RR, 3.76; 95% CI, 1.27‐11.15; *P* = .01). No episode of thrombosis occurred in the women who received TXA. In another double‐blinded RCT, 120 women received either 1 g of intravenous TXA or placebo in addition to 10 IU oxytocin immediately after birth of the newborn.[^36^](#jmwh13101-bib-0036){ref-type="ref"} This study excluded women with risk factors for PPH (Table [3](#jmwh13101-tbl-0003){ref-type="table"}). The mean total blood loss was lower in the women given TXA compared with those given the placebo (519 ± 320 vs 659 ± 402 mL, *P* = .036) as was the measured blood loss from birth of the placenta to 2 hours postpartum (69 ± 39 vs 108 ± 53 mL, *P* \<0.001). In addition, the frequency of blood loss greater than 1000 mL was lower in the TXA group (7% vs 18%, *P* = 0.048).[^36^](#jmwh13101-bib-0036){ref-type="ref"} These studies suggest that prophylactic TXA may decrease blood loss and PPH in populations at risk for PPH as well as in those without risk factors, but the studies conducted so far are limited by small sample size.

###### 

Example of Postpartum Hemorrhage Risk Assessment Tool

+---------------------------------------------+-----------------------------------+----------------------------------------------------+
| **Low Risk**                                | **Medium Risk**                   | **High Risk**                                      |
+:============================================+:==================================+:===================================================+
| Singleton pregnancy                         | Prior cesarean or uterine surgery | History of postpartum hemorrhage                   |
|                                             |                                   |                                                    |
| Fewer than 4 previous births                | More than 4 previous births       | Hematocrit \<30%                                   |
|                                             |                                   |                                                    |
| Unscarred uterus                            | Prolonged use of oxytocin         | Known coagulation defect                           |
|                                             |                                   |                                                    |
| Absence of history of postpartum hemorrhage | Intra‐amniotic infection          | Bleeding on admission                              |
|                                             |                                   |                                                    |
|                                             | Magnesium sulfate use             | Previa, accreta, increta, percreta                 |
|                                             |                                   |                                                    |
|                                             | Large uterine fibroids            | Abnormal vital signs (tachycardia and hypotension) |
|                                             |                                   |                                                    |
|                                             | Multiple gestation                |                                                    |
+---------------------------------------------+-----------------------------------+----------------------------------------------------+

Source: Adapted with permission from Gabel et al.[^42^](#jmwh13101-bib-0042){ref-type="ref"}

John Wiley & Sons, Ltd.

Most recently, 3891 women in France who had a vaginal birth and received prophylactic oxytocin were randomized to receive prophylactic TXA or a placebo.[^37^](#jmwh13101-bib-0037){ref-type="ref"} The primary outcome, PPH (blood loss ≥ 500 mL), was not different in the 2 groups: 8.1% of 1921 women (TXA) and 9.8% of 1918 women (placebo; RR, 0.83; 95% CI, 0.68‐1.01; *P* = .07). Secondary outcomes such as severe PPH (blood loss ≥1000 mL), blood transfusion, and postpartum blood count indices did not differ significantly between the groups. With respect to safety of TXA, the incidence of thromboembolic events in the 3 months after birth did not differ between the TXA group and the placebo group (0.1% and 0.2%, respectively; RR, 0.25; 95% CI, 0.03‐2.24).[^37^](#jmwh13101-bib-0037){ref-type="ref"} Although the study identified women at risk for PPH secondary to a previous history of PPH, this subgroup was less than 5% of the sample. The study was not powered to perform analyses of use of TXA in women at risk for PPH, thereby limiting its findings to the use of TXA in prevention of PPH in vaginal birth in general and not for those at risk for PPH.

The use of TXA as a preventive measure in women at high risk for PPH is germane to this case. Maternal anemia is a risk factor for PPH (Table [3](#jmwh13101-tbl-0003){ref-type="table"}), and women with anemia have worse outcomes after PPH.[^38^](#jmwh13101-bib-0038){ref-type="ref"}, [^39^](#jmwh13101-bib-0039){ref-type="ref"} Furthermore, increasing severity of anemia is positively correlated with more severe adverse maternal outcomes.[^39^](#jmwh13101-bib-0039){ref-type="ref"} It is not completely clear why the risk of PPH is higher in women with anemia, but it is postulated that uterine atony may be likely due to impaired oxygen transport to the uterine muscle.[^40^](#jmwh13101-bib-0040){ref-type="ref"} A cohort study of women in Assam, India, reported that women with severe anemia (hemoglobin \[Hgb\] level \<7 g/dL) had more than a 9‐fold higher odds of PPH (adjusted odds ratio \[aOR\], 9.45; 95% CI, 2.62‐34.05); women with moderate‐severe anemia (Hgb 7--9.9 g/dL) had 50% increase in the odds of PPH (aOR, 1.50; 95% CI, 0.80‐2.80), and if labor induction was performed, women with moderate‐severe anemia had 17‐fold increase in the incidence of PPH (aOR, 17.39; 95% CI, 3.73‐80.97).[^39^](#jmwh13101-bib-0039){ref-type="ref"} A study conducted in Norway also reported that the likelihood of severe PPH (\>1500 mL) was more than 2 times higher (aOR, 2.20; 95% CI, 1.63‐3.15) in women with anemia (Hgb \<9 g/dL).[^41^](#jmwh13101-bib-0041){ref-type="ref"} Currently, the WOMAN‐2 trial is an international, double‐blinded, RCT (estimated study completion date April 2022) designed to quantify the effects of TXA used prophylactically in women giving birth with moderate or severe anemia.[^40^](#jmwh13101-bib-0040){ref-type="ref"} Ten thousand women with moderate or severe anemia who have given birth vaginally will receive either 1 g of TXA or matching placebo by intravenous injection immediately (within 15 min) after the umbilical cord is clamped and/or cut.[^40^](#jmwh13101-bib-0040){ref-type="ref"} Therefore, beyond the current components of AMTSL, prophylactic use of TXA is being studied in women at particular risk of PPH after vaginal birth.

CONCLUSION {#jmwh13101-sec-0070}
==========

PPH is a leading cause of maternal mortality and morbidity worldwide.[^25^](#jmwh13101-bib-0025){ref-type="ref"} Clinicians providing intrapartum care must be prepared not only to treat but, if possible, to anticipate and prevent PPH. Evidence supports use of AMTSL with uterotonics and cord traction as a means of decreasing postpartum blood loss in women of all risk categories in low‐ and high‐resource settings. There is high‐level evidence that TXA is useful for treatment of PPH when given less than 3 hours after birth and is best used with oxytocin but before using blood products. At the present, there is research evidence that supports the prophylactic use of TXA to reduce blood loss and PPH in women having a cesarean birth, but the evidence for use during vaginal birth has not been fully determined.

In the case of E.B., the midwife and obstetrician were concerned that E.B. was at particular high risk for PPH secondary to her history of PPH and the presence of anemia (hematocrit \<30%). Furthermore, at her prior birth, she had an atypical presentation of PPH 2 hours after birth that required a blood transfusion. E.B. did not possess risk factors for venous thrombosis. By giving TXA with birth of the newborn\'s anterior shoulder, placental transfer of TXA was mitigated while also allowing the antifibrinolytic properties to take effect early in the third stage. This management illustrates how TXA can be used for prevention of PPH in individual circumstances.
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